Abstract: This paper presents an evaluation of the effect on viewer recognition of viewing at an angle a sign with arrow markings. Focusing on the case in which a sign at an intersection is marked with an arrow pointing in the direction of a given destination, this paper (a) investigates, using linear transformation, how to represent such an arrow in a manner which ensures that drivers follow the proper direction, even when the arrow is viewed from different angles, and (b) proposes a specific approach to representing such an arrow. It has been shown that the direction and magnification of a given arrow marking are important factors in the recognition of the proper direction on the part of observers.
INTRODUCTION
The presence of signs plays an important role in all commercial activities, as illustrated by the fact that we constantly encounter them in daily life [1] [2] [3] . One key role of a sign is to make us aware of the presence of something we may be looking for, and to guide us in reaching it.
Focusing on the case in which a sign at an intersection is marked with an arrow pointing in the direction of a given destination, this paper (a) investigates, using linear transformation, how to represent such an arrow in a manner which ensures that drivers follow the proper direction, even when the arrow is viewed from different angles, and (b) proposes a specific approach to representing such an arrow. It has been shown that the direction and magnification of a given arrow marking are important factors in the recognition of the proper direction on the part of observers.
EFFECT OF VIEWING A SIGN AT AN ANGLE
We do not always view a sign straight on. When a sign is viewed at an angle, as shown in Figure  1 , factors leading to recognition error naturally increase; and when a sign includes an arrow pointing in the direction of a location shown on the sign, and the sign is viewed at an angle, the recognition error rate is likely to further increase. The factors leading to recognition error, which arise when a sign is viewed at an angle, can be explained by Figure 2 . When we look at Sign A from angle α, we are actually perceiving the Acosα (or Asinβ) image of the sign, rather than the sign itself. Naturally, the letters and arrow on the sign appear distorted. In this study, we focus on the arrow marking on such a sign, and propose a transformation drawing approach using a linear transformation of the distorted image of the sign, based on the nature of a linear transformation matrix, which enables viewers to determine the proper direction indicated by the arrow. When we follow the direction of an arrow on a sign, we may assign an incorrect path to the given destination; thus, here we evaluate the role of representing a transformed arrow in reducing such recognition error. Imagine that Sign A, for example, as shown in Figure 2 , is located at one of the four corners of an intersection. A driver can choose 'straight,' 'left' or 'right.' How should the arrow be drawn, in order to properly guide drivers, coming from any direction, to their destination? In fact, this is a difficulty commonly faced by road-sign manufacturers.
LINEAR TRANSFORMATION
Generally, to map point onto point by linear mapping, the linear transformation matrix is given by Solving Equation (1), we obtain the following equation: 
This linear transformation has the following characteristics.
(1) The origin does not move.
(2) The original straight line is transformed to a straight line.
The ratio of the segment lengths of the original straight line is retained.
Characteristic (1) means that the origin is transformed to an origin, and (2) and (3) ensure linearity. This is why a given shape remains essentially unchanged when it collapses or rotates. A shape may completely collapse in a transformation. The determinant of a coefficient transformation matrix is expressed as
(1) The shape faces right if Δ > 0.
(2)
The shape faces left if Δ < 0.
(3)
The shape collapses into a line if Δ = 0.
(4) The value of |ad-bc| shows the magnification factor of a parallelogram.
As shown above, this transformation equation determines how a line drawing collapses in a transformation, based on the value of the determinant Δ. Table 1 shows four typical linear transformations.
A combination of linear transformations may be obtained by performing two transformations in succession. For example, transformation matrices A and B are combined as follows: This may be calculated as a product of matrices, no matter how many transformations are performed in succession. Using these linear transformations, we may investigate a basic method for properly interpreting an arrow marking at an intersection. 
RECOGNITION OF THE PROPER DIRECTION INDICATED BY AN ARROW MARKING AT AN INTERSECTION
We here consider the case of signs located as in Fig. 3 (Observers A and B wish to go in the same direction).
First, we examine the case of Figure 3(a) . Observer A wishes to turn left at the intersection, and will definitely turn left if the sign has the arrow shown in Figure 4 (a). However, Observer B too will recognize it as indicating 'turn left.' In this case, how should the arrow appear, in order for Observer B to recognize it as indicating 'go straight'? When the arrow is linearly transformed into a shape slightly tilted to the left, as shown in Figure 4 (b), we understand that it means 'turn left' for Observer A and 'go straight' for Observer B. 
EXPERIMENTAL METHOD
We considered a typical suburban intersection, as shown in Figure 6 . In the experiment, to guide observers to the right (in Figure 6 ), we placed a roadside sign, with an arrow at a 45° angle from the direction of travel, at one corner of the intersection. We presented 24 subjects with signs with different arrow angles and information. The road consists of 3-m lanes, with two opposing lanes and a dedicated 40-m right-turn lane. When each observer recognizes the arrow on the sign as indicating 'turn right', and changes to the right-turn lane 40 m before the intersection, the viewing angle on the sign is 36.6° for Observer A, and 34.1° for Observer B. Six different arrow markings commonly employed on roadside signs (Figure 7) were used. The following three-dimensional transformation matrix was used to ensure that the respective arrow markings would appear as perceived by Observers A and B: cos 0 sin 0 1 0 sin 0 cos In the experiment, images of the intersection were generated such that the arrow markings would appear as perceived by Observers A and B, respectively. These images were presented to the subjects, and a questionnaire survey was conducted, in which they were asked to select a direction (forward/reverse and left/right turn) (Figure 8 ). 
RESULTS
The results are tabulated in Figure 9 . Fig. 9 Correct answer rate for different arrow markings (1) To perform its function, a roadside sign must guide both observers A and B in the proper direction. As shown in Figure 9 (1), the arrows were not designed such that the observers were guided in the proper direction with 100% accuracy. Of the candidate arrows, the 45°-angle arrow had the highest overall correct answer rate, of 54%. The correct answer rate can be increased by providing additional character-based information on the sign.
If there is a large volume of traffic in one lane at the intersection, it may be especially desirable for the correct answer rate of one of the observers to be high. With this in mind, we calculated the correct answer rate for each observer. When the angle of the arrow was set at 45°, to increase the correct answer rate of Observer A, the respective rate increased to up to 96%. When the angle of the arrow was reduced to 0°, to increase the correct answer rate of Observer B, the rate was 100% for Observer B, and very low for Observer A, at 4%. When a sign with an arrow angled at -15° was presented, the correct answer rate was 46% for Observer A and 92% for Observer B, indicating that a sign with this arrow orientation is relatively effective.
DISCUSSIONS
In this experiment, a variety of arrow markings were selected from those in common use. Angled arrows were found to be relatively effective; however, the design of the arrow must be improved to achieve a nearly 100% correct answer rate for both observers. For example, we must investigate how to represent an arrow rotated parallel to the surface of the sign, as shown in Figures 4 and 5 , as well as an arrow with a map, and an arrow designed to look three-dimensional. In future studies, we will pursue this investigation into approaches to more effective representation of arrows.
In the next stages, more generic and practical studies are needed, which employ as parameters the width of the road, the installation angle of the respective sign, and the length of the right-turn lane. In addition, we will investigate which arrow marking is most effective for a left turn.
In this experiment, in order to represent how a given arrow marking appears to respective observers, we represented how the given arrow appears at an intersection, approximated by a linear transformation of rotation about one directional axis. Given our three-dimensional perception, the arrow is actually viewed in perspective. However, this approximation is considered adequate for representing an arrow on a sign more than 40 m ahead, and is confidently expected to be applicable to practical sign design.
As a potential extension of this study, the approach to representing signs in buildings may be reconsidered. Arrows on signs in buildings, such as train stations or public facilities, are typically viewed in a complex context and from a shorter distance than in the case of roadside signs. Therefore, such arrows are often viewed in perspective, and the perception of the arrow will be more complex.
The use of linear transformation in this study made it possible to conduct a presentation experiment which takes into account sign representation nearer in appearance to that which is actually perceived. Many signs are forms of advertising media involving a number of external factors. Sign manufacturing requires craftsmanship and experience that takes into account these external factors, and has traditionally been a subject about which it is difficult to generalize. The linear transformation-based representation approach makes it possible to achieve results that take into account the installation location of a sign as an external factor.
